To investigate the role of salience in fast visual search, time courses for the detection and identification of salient targets were measured in six subjects, using texture-like line arrays. Single lines were made salient from luminance contrast, motion contrast, or by an added circular cue that is known to attract focal attention. Three major findings are reported: (1) Identification of target orientation required longer presentations than detection of the saliency effect itself, consistent with the model that target salience attracts focal attention for target analysis. (2) Different saliency mechanisms produced similar effects, suggesting that salience from feature contrast is functionally equivalent to salience evoked from a visual cue. (3) Circular cues were most effective when presented close to the target; performance in target identification decreased when the diameter was enlarged so that the cue was presented farther away and on a different spatial scale. All together, these findings suggest that popout targets in visual search may be detected fast and independent of set size because (a) they are salient and attract focal attention, and (b) their salience is produced on the same spatial scale and at the same location in the visual field where target properties are encoded. Ó
Introduction
Some years ago, visual search was believed to be either preattentive or attentive. The fast detection of certain features (referred to as ''popout'') was assumed to be preattentively achieved, while other targets and feature combinations obviously required focal attention to be detected (Treisman, 1985; Treisman & Gelade, 1980 ; for a review, see Wolfe, 1998) . However, there is growing evidence that also popout targets attract attention (Joseph, Chun, & Nakayama, 1997; Joseph & Optican, 1996; Nothdurft, 1999; Theeuwes, 1994b) and that this focal attention may be necessary to identify target properties in detail (Nothdurft, 1999; Sagi & Julesz, 1985) .
An important parameter in visual search is the distinctness of a target from nearby non-targets (Duncan & Humphreys, 1989; Moraglia, 1989; Nothdurft, 1992) , its local feature contrast (Nothdurft, 1993b) . Targets with high feature contrast (well above that of other items in the scene) appear as salient (Nothdurft, 1993c) , and it was argued that it could be because of this salience that popout targets are found fast, independent of set size (Joseph & Optican, 1996; Nothdurft, 1993a ). In contrast, search for non-salient targets that do not attract focal attention is slower reflecting the characteristics of serial search, in which reaction time, on average, increases with set size. Note that salience detection, in this model, is not automatically associated with the identification of the target, which may be achieved in a different process. This model is different from the original assumption that popout targets are found by the detection (and presumably simultaneous identification) of specific (''key'') features that distinguish targets from non-targets. In that original model, salience was not considered important.
Several properties affect the salience of an item (cf. Nothdurft, 1993c Nothdurft, , 2000a Nothdurft, , 2000b Nothdurft, , 2000c . Beside visual cues that ''mark'' the target such as boxes, frames or pointers, discontinuities in luminance, color, motion, orientation, or depth applied directly to the target were also found to produce efficient saliency effects which allowed targets to be found quickly (Nothdurft, 1993b (Nothdurft, , 1995 Zenger-Landolt & Fahle, 2001 ). Thus, salience can be modulated by a variety of stimulus properties and, in particular, by stimulus properties that are independent Vision Research 42 (2002) [1287] [1288] [1289] [1290] [1291] [1292] [1293] [1294] [1295] [1296] [1297] [1298] [1299] [1300] [1301] [1302] [1303] [1304] [1305] [1306] www.elsevier.com/locate/visres of the key properties of the target to be searched for. This had allowed us to distinguish between featurebased and salience-based search (Nothdurft, 1993a) . The search for a non-salient vertical line was slow and increased with set size (even though target orientation was unique in the pattern), but immediately became fast and independent of set size when target salience was increased. This change in performance was observed irrespective of whether salience was generated from feature contrast in orientation, the search-relevant dimension, or from feature contrast in motion, color, or other visual dimensions that were irrelevant for target identification. The finding suggests the contribution of two processes in visual search: the detection of salience and the analysis of target properties (cf. Sagi & Julesz, 1985) . As in a guided search (cf. Wolfe, 1994) , the salience of the target may guide the selection and identification processes of the visual system, by which the target is then recognized (cf. Itti & Koch, 2000) . The present study intended to follow up this idea by investigating the dynamics of salience detection and target identification processes after targets had been marked by various saliency effects. Are targets simultaneously detected and identified? Or are the two aspects dissociated, as suggested by the above model? Does salience from feature contrast attract focal attention in a way comparable to that from other saliency effects, e.g., a visual cue?
In Experiment 1, the stimulus presentation time necessary to detect a salient target was measured and compared with the presentation time needed to identify the target's orientation. Different saliency effects (luminance contrast, motion contrast, an additional cue) were investigated and found to capture attention and activate target identification processes in a qualitatively similar way. There were, however, differences in speed and efficiency. In Experiment 2, performance in target identification was measured at various intervals before and after the presentation of saliency effects and should thus directly reflect the dynamics of attentional processes involved in target selection and analysis. All saliency mechanisms produced typical cuing effects: performance increased and then diminished again. Time courses were not affected by whether salience was applied to the target or to another item at that location, thus indicating that saliency effects were non-specific and did control target selection even when the target was not yet visible. The experiments also showed that saliency effects were more effective, i.e., faster in attracting focal attention and leading to a better performance in the identification task, when the saliency cues were small and located close to the target than when they were large and located farther away. Due to this effect, salience from feature contrast may be one of the strongest cues for attracting focal attention and processing target properties.
General methods

Overview
Test patterns were texture-like arrays of lines randomly tilted to the left or right (Fig. 1A) which were masked by similar arrays of crosses made of superim- Fig. 1 . Stimulus patterns. In test patterns (A) or masks (B) one element was made salient (C-E) and subjects were asked to indicate location and orientation of the line. The dashed area in (B) indicates the positions at which targets could occur. Three saliency effects were studied: salience from luminance contrast (C), salience from motion contrast (C), and salience from additional cues, circles around the target, at various sizes (D), some also at higher contrast (E). posed orthogonal line pairs (Fig. 1B) . In each trial, one item (single line or crossing) was made salient either by increasing its luminance (salience from luminance contrast) or making it move in a direction opposite to that of surrounding lines (salience from motion contrast) (Fig. 1C) , or by drawing a circle around it (salience from an additional cue; Fig. 1D ). In separate tasks, subjects were asked to identify the salient line and indicate its orientation as tilted to the left or right, or were asked to detect the salient item and indicate whether it occurred on the left or right side of the screen. (Note that detection was measured in a (coarse) localization task, not with a present/absent paradigm.) Performance was measured as the percentage of correct responses against variations of presentation time or the delay between salience onset and test pattern presentation. All tasks were performed while subjects fixated a small spot in the center of the screen.
Stimuli
Stimuli were generated on a PC, using standard DOS graphics routines, and displayed on a 15 in. high-resolution monitor at a viewing distance of 67 cm. Refreshing rate was 100 Hz; stimulus presentation was synchronized to this rate.
Lines elements were arranged in a 9 Â 9 rectangular raster with a raster width of 1.8 deg and a positional jitter of up to AE0.2 deg (new on every trial). The center column of the texture raster was omitted to avoid interference with the fixation point and to minimize uncertainty in locating targets on the left or on the right of the display. At viewing distance, line size was 0:9 Â 0:25 deg; the whole line array covered an area of approximately 15 Â 15 deg.
Lines and crosses were presented at 10.5 cd/m 2 , on 3 cd/m 2 background screen luminance; in Experiment 1 masking patterns were enhanced (32 cd/m 2 ). The fixation point was green (0:1 Â 0:1 deg; 47 cd/m 2 ) except for the motion contrast condition in Experiment 2 (white, 10.5 cd/m 2 ); all other items were white. Test patterns (lines) and masking patterns (crosses) were exchanged in the course of a trial and, for some time, a single item was made salient. This was accomplished in one of the three ways:
(a) Luminance contrast: The luminance of the item was increased (62 cd/m 2 ; Fig. 1C ). (b) Motion contrast: The item was moved in a direction opposite to that of all other items; this was achieved by a single-step displacement of all items in (opposite) horizontal directions (amplitude 0.07 deg; Fig. 1C ).
(c) Cue: The item was surrounded by a ring. Three rings of different diameters were used (cf. Fig. 1D ): a ''standard'' ring of medium size (1.6 deg diameter; line width 0.03 deg); a small ring (0.9 deg diameter) drawn immediately adjacent to the lines, and a large ring (2.3 deg diameter). These cues were presented 500 ms after stimulus onset, at 32 cd/m 2 , and were switched off 20 ms later. In some conditions brighter (62 cd/m 2 ) and slightly thicker rings (0.1 deg) were also tested (Fig. 1E ). Target and non-targets did not move in conditions (a) and (c) and had the same luminance in (b) and (c).
The salient items (henceforth referred to as ''targets'') occurred randomly at one of 12 positions (cf. Fig. 1B ) selected to make targets occur within a limited range of eccentricities (3.7-5.8 deg).
Procedure
Stimuli were viewed binocularly. Each trial started with a 1 s presentation of the fixation point before the stimulus pattern was switched on, and ended with a 500 ms presentation of the masking pattern. The timing of stimulus presentations differed between Experiments 1 and 2 and will be described below.
Subjects were told that one line will ''pop out'' and were asked to indicate its orientation (identification task) or its location on the screen (detection task). Responses were made by pressing specified keys on the left or the right of a computer keyboard; left-hand keys were associated with targets tilted to the left and targets located on the left side of the screen, right-hand keys were associated with targets tilted to the right or located on the right side. About half a second after the subject's reaction, a new trial was started. There was no time pressure for responses, and reaction time was not systematically assessed.
At the beginning of the study, each subject was given time to explore the different test conditions and to improve performance in the identification of briefly presented salient lines. This ''training'' period lasted up to two complete sessions for subjects without previous experience in such a task, but was shorter for experienced subjects.
All subjects could immediately perform the tasks under fixation, and most test pattern presentations were too short to gain any advantages from shifting the gaze towards salient targets. Fixation was controlled for by means of a video camera focused upon the subject's eyes. These controls were frequently made in the first two sessions of each subject, and regularly repeated in later sessions.
Trials were blocked for the different tasks (detection vs. identification) and for the saliency effects studied (luminance contrast, motion contrast, different circular cues). The blocks were interleaved in the course of an experiment (although the data from different test conditions will be presented below in sequence) and were repeated several times until at least 90-100 measurements of each condition had been collected from every subject. Testing was performed in sessions of up to 2 h; each series of experiments required up to 4-5 sessions for every subject.
Subjects
Six subjects (four female) participated in the study, five students (four 21-23 years, one 38 years) who were paid for the time they spent on an experiment, and the author (52 years). Subjects had normal or corrected-tonormal visual acuity when tested with both eyes open.
Experiment 1: Detection and identification of salient targets
If the detection and the identification of a salient target are indeed based on different processes in the brain, we may expect different time courses for these perceptual functions. In particular, if salience were to ''guide'' attention to the target, feature analysis might be delayed, as targets would first have to be selected before they could be identified. This was investigated in Experiment 1. In an array of lines, one line (the ''target'') was made salient, and subjects' performances in detecting it and recognizing its orientation were measured.
1
There is a principle problem with this comparison: It may take more time in the brain to encode target orientation than to encode luminance or motion contrast. In this case, the detection of salience (e.g., from luminance contrast) and the identification of the salient line's orientation may follow different time courses, which then, however, would not necessarily indicate a sequence of activation but may simply reflect the different speeds of the underlying neural processes. To avoid this confusion, the tests in the present study were designed so that line orientation was already well encoded when saliency effects were applied.
Methods
In Experiment 1 we asked: How long must a salient target be shown to be detected and correctly identified? The sequence of stimulus patterns for Experiment 1 is illustrated in Fig. 2 ; each trial started with an initial 1 s presentation of the fixation point. The test pattern (72 lines randomly assigned to one of two orientations; cf. Fig. 1A ) was shown for 500 ms; then one of the lines was made salient (e.g., by increasing its luminance contrast, as indicated in the figure) . After a delay Dt (the ''target presentation time''), which was systematically varied between 0 and 500 ms, the test pattern was replaced by the mask. Masks were shown for 500 ms; the screen was then blanked (except for the fixation point, which was present all the time).
Different saliency effects had different durations. Luminance contrast was displayed during the entire interval Dt until the lines were masked. Motion contrast was physically applied only during the one step of line displacement from one frame to the next (10 ms), at Dt ¼ 0, but perceptually persisted for a longer time. Circle cues were shown for 20 ms, at Dt ¼ 0, and also persisted perceptually. For luminance and motion contrast, lines were masked at or after salience onset (Dt P 0). For circular cues, ''negative'' delays in which the line elements were masked before the cue was presented, were also tested.
Results
Salience from luminance or motion contrast: detection is faster than identification
The subjects revealed different time courses in performance when they were asked to detect the salient line or to identify its orientation. They could all detect the target defined by luminance contrast for shorter durations (Fig. 3 , dashed curves) than were necessary to identify it (continuous curves). The difference is significant (repeated-measures two-factors ANOVA: F ð1; 5Þ > 17:7, p < 0:0002; data points from the identification task were compared with those from the detection task at the same Fig. 2 . Stimulus sequence in Experiment 1 (schematic and luminancereversed drawing of stimuli). After 1 s presentation of the fixation point (not shown), the test pattern was switched on. Half a second later one element was made salient (here from enhanced luminance contrast). After a variable delay the whole pattern was masked.
or the next shorter duration available). For most subjects, the two curves appear to be shifted, as if the perceptual time window for target identification was systematically delayed. Linear interpolation of the data in Fig. 3 gives shifts of 12-30 ms at 75% correct (mean: 23.0 ms).
A similar difference was seen for targets marked by motion contrast, although presentation times generally had to be increased to reach maximal performance (Fig.  4) . Time courses for salience detection and target identification again differed in all subjects (F ð1; 5Þ > 22:0, p < 0:0001; data points from the identification task were compared with those at the same or next shorter available duration in the detection task) and parts of the curves appear to be shifted, as if identification was systematically delayed. Shift estimates at 75% correct (MK) or at the level of detection performance at 20 ms duration (all other subjects) give delays of 23-80 ms (46 ms for the mean data at 80%). (The shifts are less obvious than in Fig. 3 , since performance in the detection task was well above chance at zero duration. The reason is that masks were shown at the displaced positions, and motion contrast was thus always present (even at zero target presentation time). However, the onset of the mask was a highly salient stimulus, too, and partly disturbed target detection at Dt ¼ 0 ms.)
Salience from circular cues: variations with cue size
The goal of this study was to measure capture of attention by feature contrast and compare it with the capture of attention by other saliency effects. Frequently used attractors of focal attention are separate cues that are placed at or near the target location. Fig. 5 shows the dynamics of target identification when items were marked with a circular cue of standard size (cue onset at target presentation time 0 ms, offset 20 ms later). Data points were fitted with cumulative transition functions (linear regression line for MK) to illustrate the increase of performance after cue presentation. Since the ring represented a new object in the scene, detection was high and not even notably disturbed by the onset of the mask (open circles). But all subjects needed the test pattern to be displayed for a considerable time after the cue in order to identify the target. When lines were masked before the cue was shown (''negative'' target presentation time), most subjects performed at chance; only subject NQ seemed to ''remember'' some of these lines and performed better Fig. 3 . Saliency effects from luminance contrast. Performance of six subjects (A) and means (B) in the salience detection task (dashed curves) and the target identification task (continuous curves). In both tasks, performance increased with prolonged presentation of the test pattern. But curves are displaced, indicating that targets were detected faster than identified. In this and all following graphs, straight dashed lines at 50% indicate chance performance. Error bars with individual data (A) mark the confidence range of each measurement corresponding to the standard error of the mean (SEM). Error bars with averaged data (B) indicate SEM. Fig. 4 . Saliency effects from motion contrast. Data of six subjects (A), ordered for decreasing performance in the target identification task, (continuous curves), and means (B); performance in the target detection task is superimposed (dashed curves). As with luminance contrast (Fig. 3 ), targets were detected earlier than identified. than chance. Note that three subjects did not reach full performance in this task. Subject EB came close to 100% but only for the longest presentation time tested (500 ms). SW identified only 81% of the targets correctly and seemed to settle at this level. Subject MK failed to recognize the target at all for the range of durations tested, although she correctly detected the cue. Means were computed twice, with and without the data from subject MK (Fig. 5B) .
The poor performance with the circular cues compared to luminance or motion defined saliences, revealed in preliminary tests (HCN), was unexpected and additional cue stimuli were tested to investigate its origin. It appeared that the time course of target identification varied with the size of the cue, and the main experiment was modified to include cues of different size (cf. Fig.  1D ). (These additional conditions were included in Experiment 1 and were interleaved with the other tests right from the beginning of the measurements.) Fig. 6 shows the data for rings of small, medium (''standard'', as in Fig. 5 ) and large size. Subject MK reported not seeing any targets that were cued with medium or large cues, and the large cue condition was removed from her test series. For all other subjects, the time course of target identification varied considerably with the diameter of the cue. Performance was best, i.e., reached the fastest, the highest levels, for the small circles close to the target lines, and was weakest, i.e., increased more slowly, often without reaching maximal performance, for the large rings. A repeated-measures two-factors ANOVA revealed significant differences between small and medium ðF ð1; 5Þ > 17:5; p < 0:0001Þ and between small and large rings (F ð1; 4Þ > 11:7; p < 0:002; without MK); the differences between medium and large rings were not significant ðF ð1; 4Þ < 1:38; p > 0:2Þ.
In order to test whether the differences between small and medium or large cues were indeed related to the diameter of the cue and not associated with luminance variations at the target position, the two suboptimal cue conditions, standard and large, were also tested with (slightly thicker) rings at increased luminance contrast (cf. Fig. 1E ; these tests were not performed by subject MK). These manipulations had no effect on the time course of the target identification process ( Fig. 7 ; F ð1; 4Þ < 0:41; p > 0:5). Fig. 8 replots the target identification data of Figs. 3-7 so that the dynamics of the different saliency effects can be compared. The curves for different subjects show both consistent and diverging effects. Luminance defined salience always allowed the fastest identification of the target. Salience from motion contrast was weak in some subjects (SW, MK) but not in others (EB, NQ). Circular cues were generally worse than saliency effects from feature contrast, with two exceptions. For subject HCN, the small ring was about as efficient as luminance or motion contrast. For subject MK, the small ring was more efficient than motion contrast but both saliency effects were less effective than luminance contrast. Standard circles (and, in particular, the large circles not shown in Fig. 8 ) were the worst cues and produced slow and sometimes imperfect target identification, as already seen in Fig. 6 . Averaged over all subjects (Fig. 9 ), the differences between luminance or motion defined saliency effects and the small rings were significant ðF ð1; 5Þ > 8:99; p < 0:005Þ, as were the differences between small and medium rings (see Section 3.2.2). The differences between luminance contrast and motion contrast were also significant; performance with luminance was significantly larger (F ð1; 5Þ > 11:2; < 0:005; comparison without the zero delay data).
Comparison of different saliency effects
Experiment 1a: Masked salience detection
Masking in Experiment 1 was designed to block target discrimination but did not always terminate the Fig. 8 . Different dynamics for different saliency effects. Performance of all six subjects in the identification tasks, ordered for increasing differences between effects. Saliency effects from luminance contrast were most efficient, closely followed by motion contrast except for subject MK. Saliency effects from circular cues (gray) produced slower increases in performance; small cues were always more efficient than medium or large cues. For each subject, saliency effects are listed in the order at which they reached 75% performance. Fig. 7 . Poorer performance with large circles is not due to lower luminance at target location. Target identification rates for medium and large rings (black) were not improved when brighter cues were used (gray; cf. Fig. 2E ).
detection of saliency effects. This was obvious for the circular cues, which were reliably seen even at zero target presentation time. Can this difference explain the better performance in the detection tasks? Experiment 1a was designed to measure target detection when target salience was masked.
Methods
The task was identical to the detection task in Experiment 1 (cf. Fig. 2 ) except that masking was different. The new masking pattern displayed the same lines as the test pattern before, but half of them were now made salient. Each trial started with the 1 s presentation of the fixation point; then the test pattern was presented in which 500 ms later one line element was made salient. After variable ''target presentation time'', several other lines were also made salient (the probability of each line becoming salient was 0.5), thus masking the salience of the target. Finally, the pattern was blanked. Masking saliency effects were of the same type as the saliency effect to be detected. Salience from luminance contrast was masked by enhancing several lines to target luminance; all other lines remained at the luminance level of background lines. For masking motion contrast, all lines were horizontally displaced, half of them in the direction of the target and half of them in the opposite direction. When target salience was defined exactly as in Experiment 1, masking turned out to be difficult and was not yet optimal. Therefore, a slightly different stimulus procedure was used, in which only the target was moved at the beginning of target presentation time; all other lines were displaced (in two opposite directions) at masking onset. In this procedure target salience was slightly different from that in Experiment 1 (where target and background lines were simultaneously displaced) but masking was perfect. Masking of cue effects was obtained by the onset of additional rings around half of the lines. All rings, including that around the target, remained visible until the pattern was blanked.
Tests were blocked for the different saliency effects; blocks were interleaved. Three subjects were tested in Experiment 1a.
Results and discussion
Fig . 10 shows the performance in the detection task when saliency effects were masked. Detection rates were low at short durations, thus demonstrating the efficiency of the masking paradigm, and quickly increased with target presentation time (Fig. 10A) . Interestingly, the performance with circular cues was very similar to that with luminance defined targets, suggesting that subjects detected new objects (the bright rings) by similar mechanisms as the luminance increase of objects already Fig. 9 . Mean data of Fig. 8 . Fig. 10 . Results of Experiment 1a on masked salience detection. (A) Performance of three subjects in the target detection task when saliency effects were masked after the target presentation time. Luminance defined targets and circular cues were detected at similar durations; motion saliency effects required longer presentations. (B) Masked salience detection (black) superimposed on the data from Experiment 1 (gray). For luminance contrast (left-hand graph), performance in the masked detection task was similar to that in the detection task of Experiment 1. For motion contrast and the standard cue (middle and right-hand graphs), masked target detection was better modulated with presentation time than in Experiment 1. In general, targets were detected faster than identified, even when salience was masked. present (the bright lines). Performance with motion saliency effects was generally delayed compared to that for luminance contrast or circular cues.
These results can be compared with the two tasks of Experiment 1 (Fig. 10B) . For luminance contrast, the data from the two detection tasks are very similar, which indicates that masking of saliency effects was already efficient in Experiment 1. But for motion contrast and, in particular, for the standard ring, performance was much better in Experiment 1 where saliency effects were even detected at Dt ¼ 0 ms (gray dashed-line curves). When saliency effects were masked, detection curves dropped at short presentation times, but still were well above performance in the identification tasks. That is, even when the saliency effects were masked, all subjects detected the target faster than they identified it. Only for motion contrast at very short durations (where the displaced presentation of masks in Experiment 1 let targets be detected much better than in Experiment 1a) was detection slightly better than identification. With masked saliency effects, time courses of salience detection and target identification can now also be compared for the standard ring, and even here saliency effects (the rings) were detected from much shorter presentation times than were necessary to identify the targets. Altogether, Experiment 1a revealed that the different dynamics for salience detection and target identification were not due to possible differences in masking efficiency.
Discussion
The findings can be summarized under three aspects: (1) Salient targets were more quickly detected than identified, consistent with the model that salience controls the selection process (''attracts focal attention'') by which the target is then analyzed. (2) Different saliency effects did not differ in their functional properties; targets defined by luminance or motion contrast were as easily selected as targets marked by an additional visual cue. (3) The various saliency mechanisms differed in speed and efficiency; targets defined by luminance or motion contrast were, on average, identified faster than targets marked by a circular cue, and targets marked by small cues faster than targets marked by large cues. All three findings together would be consistent with the model that ''popout'' targets are detected quickly because their salience attracts focal attention and brings it right to the location where target properties are represented.
Salience vs. target properties: ''where'' and ''what''
The observation that target salience is detected faster than target orientation resembles the findings of Sagi and Julesz (1985) who asked subjects to count (detect) and compare (identify) line targets that were salient from orientation contrast. Comparison, but not the detection of an increasing number of targets required increasingly longer stimulus presentations, and the authors concluded that detection (''where'') could be done in parallel, whereas identification (''what'') required serial processing as it would be associated with sequential shifts of focal attention. The present data would be consistent with such a difference between preattentive and attentive processing. However, Sagi and Julesz did not use single targets, and the fact that the identification of several items increased with time, does not necessarily imply that single targets are also detected faster than identified, as found in the present study. Also, the differences observed here were clearly not due to a possibly slower encoding of line orientation, as compared to salience; targets were presented half a second before they were made salient and their orientation should have been well encoded in the brain at the moment of target selection. Therefore, the delayed time course in the identification task must be linked to the selection process (''shift of attention''), consistent with Sagi and Julesz's observation. 2 Sagi and Julesz did not use the term ''salience'' but discussed their findings in the context of orientation differences, which are closely related to salience (Nothdurft, 1993c) . But salience can arise from various dimensions. Whereas these authors restricted their investigation to differences in orientation (see also Joseph & Optican, 1996) , orientation contrast was not used for salience control in the present study.
3 Instead, salience was controlled by feature contrast in other dimensions, luminance and direction of motion, which both attract attention (e.g., M€ u uller & Rabbitt, 1989; Turatto & Galfano, 2000) .
Different dynamics of saliency effects
One goal of the study was to test whether saliency effects from feature contrast and saliency effects from a cue were functionally equivalent. Indeed, all saliency effects attracted focal attention, thus confirming the non-specificity of salience (Girelli & Luck, 1997; Noth-2 Folk and Egeth (1989) rejected the conclusion that target identification is an attentive process and assigned the longer time needed in the comparison task to the limited capacity of the decision process. They concluded that the identification of simple visual features can be done in parallel, without capacity limitations as associated with an attentive process. The present study does not solve this controversy. It is not obvious that a decision on the orientation of a single line should take longer than the decision on its location. On the other hand, the present experiment was explicitly designed to study the dynamics of the selection process and of focal attention shifts; the subjects' performance in preattentive discrimination of target orientation was not tested.
3 Since all lines were randomly oriented, local orientation contrast was generally high, not only at the target position but also elsewhere in the pattern, so that targets were not more salient (from orientation contrast) than other lines (cf. Nothdurft, 1992 Nothdurft, , 1993c ). durft, 1993a). However, some saliency effects appeared to be less efficient than others; in particular, large circles led to poor and delayed performance. Since the task was the same for all saliency effects, these differences must reflect differences in the strength and speed of allocating attention to the target. Only for luminance contrast was the target itself made brighter so that the signal-to-noise ratio of target representation itself might have been increased.
Several properties may have affected performance in these tasks: (i) the speed of encoding salience in the brain, (ii) the perceived strength of a given saliency effect, (iii) differences in stimulus duration, (iv) the dissimilarity of cue and target objects. Another aspect, (v) size and location of the cue, is considered particularly important in the context of this study and will be discussed in a separate paragraph.
3.4.2.1. Time courses of different saliency effects. Saliency effects from feature contrast differ in their dynamics (Nothdurft, 2000b) . Salience from luminance contrast, for example, is encoded by a faster mechanism than salience from motion contrast, in agreement with the observed differences between luminance and motion defined saliences in Experiment 1a. In both cases, however, the times courses of the identification tasks tended to follow those of the detection tasks with some delay (cf. Figs. 3 and 4): Late detection also caused late identification.
3.4.2.2. Perceptual differences. Saliency effects might have been perceived with different strengths (cf. Nothdurft, 1993c). While some variations in the dynamics of saliency effects were consistent among subjects, there also were individual deviations which might indeed reflect variations in the strength at which subjects perceived the different saliency effects. For example, the differences betweenluminance and motion defined saliences in the identification task were small for HCN, NQ, VSE, and EB (Fig. 8) , who also showed fast and high performance and least interference from masking effects when motion saliences had to be detected (Fig. 4) . But differences were large for subject MK, whose performance in detecting saliency effects from motion was poor and strongly affected by the mask. In general, however, differences in the strength of saliency effects were not very pronounced (cf. Fig. 10A ) and their influence should not be overestimated. Salience varies non-linearly with feature contrast and sometimes reaches saturation (Nothdurft, 1993c) so that variations should not be too critical as long as a certain contrast level is exceeded. On the other hand, the large dynamic differences between luminance contrast and standard rings were unlikely to have been due to variations in salience perception. Both saliency effects were similarly strong (Fig. 10A) but the rings, nevertheless, produced slow and non-reliable performance in the identification task (Fig. 5) .
Differences in presentation.
Saliency effects in Experiment 1 were presented at different durations and with or without persistence. Can this explain the observed variations in efficiency? When saliency effects were masked (Experiment 1a), salience from luminance contrast and salience from circular cues were detected at similar speed (Fig. 10A) . Only motion saliency effects needed longer to be detected, which is probably due to the different dynamics of motion contrast saliency effects (see previous paragraph). When saliency effects were not masked (Experiment 1), circular cues were seen better than other saliency effects, but, nevertheless, produced only slow increases in target identification. Thus, it seems unlikely that the different dynamics in Fig. 8 were due to physical differences in the presentation of saliency effects.
3.4.2.4. Different objects. The significant differences in allocating attention to luminance targets or targets defined by a ring seem to require another explanation. One distinction between these conditions is that different objects attract attention. When the target was salient from luminance contrast, the attractor itself was the item to be analyzed. But with circular cues, analysis had to be performed on an object different to the attractor and subjects may first have to shift their attention there. This shift may take time (cf. Iani, Nicoletti, Rubichi, & Umilt a a, 2001) and may account for the generally delayed performance with circular cues. While I cannot refute this explanation, I would like to discuss some observations that do not seem to support this view. First, some subjects revealed faster performance with the small ring than with the motion-salient target ( Fig. 8; HCN, MK) ; one of them (HCN) needed no extra time to switch from ring attractors to line targets (whereas the data of all other subjects would be consistent with such a shift). Would this not be evidence against an attention shift between objects? Note however, that small rings were drawn adjacent to the lines and both may have been perceived as one common object, so that shifts were perhaps not necessary. Secondly, rings of different size produced strong differences in the dynamics; these differences were, at least, as big as the differences between feature contrast and visual cue saliency effects. Thus, even if performance with the circular ring were delayed by the need to shift attention from attractors to targets, this effect cannot account for the entire performance decrement seen with medium and large rings.
Cued locations
Small circles, i.e., cues located close to the target, produced faster and more effective target identification than large circles, i.e., cues located farther away. Fig. 7 illustrates that this was indeed an effect of cue size or position and not of associated variations in mean luminance. Although it cannot generally be excluded that the two stimuli interacted visually (the ring might have masked perception of the target), it seems unlikely that this interaction would become stronger when the radius of the ring is enlarged and the distance between the two stimuli is increased. Instead, the observed differences probably reflect variations in the activation of selection and analysis processes, suggesting that medium and large circles were less efficient in directing attention to the target line than were small rings immediately adjacent to the target.
This finding is in agreement with other studies (Benso, Turatto, Mascetti, & Umilt a a, 1998; Eriksen & St. James, 1986; Greenwood & Parasuraman, 1999) . Castiello and Umilt a a (1990) studied the cuing effect of squared boxes on the reaction time to a single imperative stimulus. In valid cuing conditions, reaction time was significantly shorter than in invalid cuing conditions, but this benefit was reduced when the size of the boxes was enlarged a modulated attention effect similar to the one seen here. In their study, the cue size effect was strong 500 ms after presentation of the cue but not yet detectable at 40 ms. Their finding is generally interpreted as evidence for an adjustable size of focal attention (Cave & Bichot, 1999; Egeth & Yantis, 1997) ; large boxes are assumed to zoom attention to a larger area than small boxes. 4 At a first glance, it might be surprising that cue size effects were seen at all in the present study where the relevant stimulus was presented long before the cue and stimulus size was constant over the entire experiment. However, since the subjects did not know the location of the target in advance, they may have distributed attention to a larger region while waiting for the salience marker and may not have kept their focus continuously adjusted to item size. Another surprise was the fact that this effect was so dramatic even with medium rings. This ''standard'' diameter of the present study (1.6 deg; cf. Fig. 1C ) was not particularly large and was considered to represent an adequate cue for attracting focal attention. Nevertheless, attention capture was sub-optimal with this stimulus and was, in fact, absent for subject MK. It is not clear why subject MK failed completely in this task; it may be that further training on standard circles might have improved her performance. However, it should be noted that she performed very well in the tests with small circles, which were run in alternation with the standard circle tests, and also performed poorly with medium size cues in the later series of Experiment 2.
Experiment 2: Analysis of cuing effects
Experiment 2 was designed to further explore the dynamics of saliency effects. If salience attracts attention but targets are not recognized before attention is focused on them, it should perhaps be possible to dissociate the two processes of salience detection and target identification. Can we replace a salient target so that attention is captured by one stimulus but one presented later is identified? 5 This was tested in Experiment 2. Items were marked in the masking pattern which was briefly replaced by the test line pattern at various delays before and after application of the saliency effect. The paradigm is that of a typical cuing experiment. The test pattern functioned as a probe to measure the activation of selection and identification processes at various time steps before and after the cue. Variations in performance should directly represent the dynamics of focal attention attracted by target salience.
Methods
The stimulus sequence is illustrated in Fig. 11 . Each trial encompassed two dynamic events: (i) the presentation of a saliency marker, and (ii) the presentation of the test line pattern-before and thereafter lines were replaced by crosses. These two events occurred in either sequence, with systematic variation of the delay in between. Saliency markers were luminance contrast, motion contrast, or circular cues (only small and medium 4 Benso et al. (1998) measured the dynamics of attentional processes to large and small cues after attention was already pre-cued to the correct location. They reported a shift of performance curves and concluded that it takes 33-66 ms longer to adjust a 7.5 deg wide focus of attention (cue diameter) to a small imperative stimulus than to adjust a 2.5 deg wide focus to this size. However, their curves were not strictly shifted, rather were large cues generally less efficient, as it was seen in the present study (with generally smaller cues). Neither the mean data of the present study nor the curves of individual subjects suggest that curves for different cue sizes were simply shifted. Rather, the performance with large cues was generally reduced compared to that with the small cue. Apart from ceiling effects, the cue size effect (the difference between small and large rings) continuously increased after presentation of the cue, thus by and large confirming the findings of Castiello and Umilt a a (1990).
5 Exactly this paradigm was tested in a preliminary experiment (subject HCN). In line patterns as in Experiment 1, a single line was made salient (from motion contrast) and after some delay all lines were replaced by their orthogonal counterparts. If the process of target identification were merely delayed, the observer should see the orthogonal (non-salient) line more frequently than the salient target. This was indeed the case when lines were replaced within 20-50 ms after salience onset. However, the interpretation of this result is not unequivocal. Since the orthogonal lines had to be presented for more than 50 ms to be reliably seen, it is not clear whether the original target orientation was not seen due to a delayed identification process or because presentation time (after salience onset) was too short. size), as in Experiment 1, and were all briefly applied: single-step displacement (10 ms) for motion contrast; 20 ms duration for luminance increase and for circular cues. Markers that fell into the time window of test pattern presentation (À50 < delay 6 50 ms) were applied to the target; otherwise, and in fact far more frequently, saliency effects were applied to the masking item at the target's location.
As in Experiment 1, subjects were asked to detect and identify the salient lines. Tests were blocked for the different saliency effects and for the task (identification vs. detection) but different delays were all mixed within a block. Blocks were repeated to collect at least 100 repetitions of every test condition from each subject; the different saliency effects were tested in alternation.
Only four of the six subjects from Experiment 1 participated in Experiment 2. Two subjects (SW, EB) who could not highly reliably identify the circle-cued targets in brief (100 ms) presentations were not tested any further. Subject VSE repeated the series of experiments with a longer test pattern presentation time (160 ms).
Results
Fig . 12 shows the performance of all four subjects in these tests. The curves in the left-and right-hand columns plot the percentage of correct target identification at various delays before and after salience onset (0 ms); the curves in the center column give the target detection rates for the same conditions. Data points are plotted half way through the 100 ms ( Fig. 13: 160 ms) interval of test pattern presentation.
Target identification
For luminance and motion saliency effects (left-hand column), performance quickly increased to a maximum (sometimes below 100% because of the short test pattern presentation) and then declined. The decline varied between subjects. Only for MK did performance quickly return to chance; for NQ and VSE performance remained relatively high (but dropped further in longer intervals tested in an additional experiment). While luminance and motion saliency effects produced large peaks, the circular cues were generally less efficient in attracting attention to the line target (right-hand column). The difference between small and medium rings is less pronounced than in Experiment 1 but note that at 100 ms, for example, performance was generally smaller with the medium than with the small ring. The standard cue was practically inefficient for subject MK, who performed well with the small ring, however, both in agreement with Experiment 1.
The duration of test pattern presentation blurred the dynamics of cuing effects so that peaks look wider then they were. For data on the abscissa, the test pattern was, in fact, shown from 50 ms before until 50 ms after this time. This is indicated by hatched areas which plot the duration of test pattern presentation and, as a matter of fact, also indicate the range of delays for which saliency effects were applied directly to the target. In all other parts of the figure, saliency effects were applied to the mask at the target's location (as sketched in Fig. 11) . The varying application of saliency effects to lines or crosses did not produce systematic differences in target identification. Performance varied continuously, independent of whether the target line itself was made salient Fig. 11 . Stimulus sequences for Experiment 2. Tests were made with different timings of two events, the brief presentation of the saliency effect (here a circular cue) and the 100 ms presentation of the test pattern containing oriented lines. Test pattern presentation either followed (positive delays) or preceded (negative delays) the saliency effect at various delays Dt. For delays between À49 and 50 ms, saliency effects were applied to the target; for other delays, saliency effects were applied to the mask item at the target's location (as indicated). Trials ended with a 500 ms presentation of the mask. Subjects were asked to detect the target and to identify its orientation, as in Experiment 1.
(data points within hatched areas) or whether the crossing at that position and the test line was presented afterwards (data points right outside the hatched areas). For some saliency effects, performance increased continuously over the hatched area and reached its maximum outside, i.e., when the saliency effect had been applied to the mask.
Salience detection
The detectability of saliency effects in Experiment 2 might have been disturbed by the global luminance changes associated with the masking patterns switching off and on before and after presentation of the test pattern (cf. Fig. 11) . Therefore, the target detection task from Experiment 1 was repeated using the stimulus sequences of Experiment 2 (Fig. 12, middle column) . The detection of rings did not deteriorate, but some subjects revealed strong interference from both onset and offset of the mask (delays À50 and 50 ms, respectively) for motion, and smaller interference for luminance defined saliency effects. Although this interference might have affected performance in the identification task and may Fig. 12 . Summary of the cuing data from Experiment 2. Four subjects (rows) were tested for target detection (center column) and target identification (outer columns); salience was generated from luminance or motion contrast (left-hand column) and from small or medium rings (right-hand column). Performance profiles in the outer columns reflect the dynamics of attention shifts to target location. Saliency effects were applied at 0 ms; data points are plotted at the delay between saliency onset and the midpoint of the time window in which the line pattern was presented (cf. Fig. 11 ).
Hatched areas indicate the duration of test pattern presentation; for data points within these areas, saliency effects had been applied directly to the target (and not to the masks). Target detection (center column) was reduced when saliency effects were presented together with the onset or offset of the mask. For saliences from luminance or motion contrast, curves rose quickly to a maximum that was often delayed against presentation of the saliency effect. For circular cues, allocation of attention to the target was also delayed and generally less efficient. account for some irregularities in the curves, it was generally not strong enough to hinder subjects from detecting the targets and shifting their attention there.
Probe presentation time
Since the performance of subject VSE was notably weaker than that of the other three subjects, she was asked to perform two versions of the experiment, one with the standard test pattern presentation of 100 ms and another one with an elongated presentation time (160 ms; Fig. 13 ). The longer presentation clearly improved her performance but did not qualitatively change the dynamics of cuing effects. The apparently earlier increase in performance with motion or luminance contrast is explained by the larger temporal blurring from the longer presentation of test patterns (cf. the different size of hatched areas in Figs. 12 and 13) . Peaks for small and medium rings started at the same delay (later than for luminance or motion contrast), but reached different maxima.
Different dynamics for different saliency effects
Although most saliency effects produced steep increases in performance, their maxima were often displaced relative to each other. Interestingly, the ranking was fairly consistent among subjects, although the performance profiles themselves varied considerably. This is seen best when the curves from the left-hand and right-hand plots in Fig. 12 are superimposed (Fig. 14) . Subject HCN, for example, produced curves with wide peaks and similar onset times for all saliency effects but his performance maxima were slightly shifted. Subject MK produced sharp peaks (suggesting that attention quickly dispersed after it was attracted by target salience) at different delays, in the same order. For subject NQ, saliency effects became functionally effective at different delays; however, the sequence of her maxima was the same as for HCN and MK.
This common trend is preserved in the mean data (Fig. 15) . Luminance saliency effects were the fastest, followed by motion salience, which started early but produced an extended peak with the maximum at 200 ms delay. Performance with the small ring was maximal at 100 ms, thus earlier than for motion, but started late and generally remained smaller than performance with the luminance or motion saliency effects. The mean increase in performance with the standard ring was slow and reached a (not well defined) maximum at 200-350 ms. The differences between these curves were partly significant: Repeated measures two-factors ANOVAs give F ð1; 3Þ > 6:42; p < 0:02, for luminance versus motion defined saliences, and F ð1; 3Þ > 21:1; p < 0:0001, for motion salience versus the small ring. The differences between small and medium rings were not significant in this sample ðF ð1; 3Þ ¼ 0:334; p > 0:5Þ.
Discussion
Experiments 1 and 2 studied capture of attention by salience in different ways. In Experiment 1 how the selection process was activated was measured and attention effects were accumulated until the target could be identified. In Experiment 2, the dynamics of selection and identification processes were investigated directly by measuring target identification at different delays before and after application of the saliency effect. Despite these differences, the results of both experiments seem to be consistent. Also in Experiment 2, maximal performance in target identification was often obtained with a delay, and different saliency mechanisms produced principally similar effects, with dissimilar dynamics.
But there were also differences. Due to the short test pattern presentation in Experiment 2, target identification was more difficult than in Experiment 1, and some subjects could not reliably identify the target in this short time. (The task was even more difficult because of the mask presentation before the test pattern; cf. Fig. 11 . The target line was not switched on but just remained visible when the orthogonal line of the mask was switched off.) Performance improved when presentation time was increased (Fig. 13) . The choice of presentation time was Fig. 13 . Performance of subject VSE with elongated target presentation time (160 ms instead of 100 ms in Fig. 12 ). Curves increase to higher levels, compared to Fig. 12 , but all other characteristics are preserved.
a compromise between durations long enough to provide reliable performance in the identification task, and durations as short as possible so that the dynamics would not be smoothed and ceiling effects would be avoided. I did not optimize presentation time individually for each subject but used fixed durations to document the variations between subjects. Two highly trained subjects (NQ, HCN) could recognize the targets quite well at this duration; other subjects found this difficult (but their performance might have improved in additional training). Interestingly, however, all subjects could identify targets defined by luminance or motion contrast better than targets marked by the circular cue.
Is target identification indeed delayed?
For motion contrast and the circular cues, performance in target identification was maximum when the target was shown after the saliency effect (cf. Fig. 12 ). While this seems to confirm the observation from Experiment 1 that target identification is delayed, the delay itself is less obvious from some curves. For example, all subjects performed very well with luminance contrast at zero delay, which seems to be in disagreement with a delayed process. However, the test pattern was visible up to 50 ms after application of the saliency effect so that even a delayed analysis process might sometimes have evaluated target orientation. The relatively good performance of subjects NQ and HCN at À50 ms for motion is more confusing. At this delay, the saliency effect was applied when the line pattern was already masked. One may speculate that encoding of line orientation was perhaps delayed as well and might have coincided with the delayed identification process, thus producing gradual performance even when the orientation stimulus was presented shortly before the saliency effect. Only in Experiment 1 was line orientation well represented in the brain when saliency effects occurred. In general, however, the curves in Fig. 12 show different dynamics, although the target identification process was the same. It is likely that these differences reflect different delays in the processing of target salience and selection, rather than an effect of late encoding of orientation. Since targets de- Fig. 15 . Mean data of the target identification tasks in Fig. 12 . fined by luminance contrast could be identified early, the long-lasting performance peaks in Experiment 2, with maxima long after salience application, support the conclusion that target identification is delayed.
Two attention processes-sustained and transient?
All saliency effects in Experiment 2 acted as cues that attracted focal attention for target analysis, with dynamics that, by and large, reflect the dynamics of cuing effects reported in the literature (e.g., , 1999 Cheal & Lyon, 1991; Joseph & Optican, 1996; Nakayama & Mackeben, 1989; see Egeth & Yantis, 1997 , for a review). Nakayama and Mackeben (1989) investigated the dynamics of attention with square and circular cues and found transient attention effects for visually evoked attention shifts and sustained effects for voluntarily directed attention. The effects of the present study were all visually evoked and were all transient, although the decay of attention allocation varied between subjects and between the different saliency mechanisms. Interestingly, cuing effects were more sustained for subject VSE, when the test pattern was presented for 160 ms instead of 100 ms, consistent with similar observations by Nakayama and Mackeben (1989, Fig. 7 ). Two subjects with relatively slow decays (NQ, VSE) were asked to perform an additional experiment with delays of up to 1000 ms (and careful control of fixation); their performance further decreased during these longer intervals, confirming the transient character of attention capture. However, one subject reported that she could hold her attention to the marked location until the test pattern occurred. This indicates that, for long delays, subjects might have switched from the immediate perception of a salient line to the voluntary allocation of attention to the cued location. These two modes of attentional control are commonly reported to differ in their dynamics; voluntary (endogenous) control of attention does not only last longer (''sustained''), it is also slower than visually evoked (exogenous, ''transient''), ''automatic'' control (Cheal & Lyon, 1991; Nakayama & Mackeben, 1989; Weichselgartner & Sperling, 1987) . However, although subjects may have switched to voluntary control for long delays, bimodal performance curves as reported by, e.g., Weichselgartner and Sperling (1987) were not obvious from the present data.
The dynamics of allocation of attention by visual cues are often reported to reflect delayed inhibition, referred to as ''inhibition of return'' (IOR) (Klein, 2000) . The present data do not indicate any obvious effect of this kind. However, this is likely to be a consequence of the paradigm, which may have forced subjects to keep their attention fixed to the marked position until the target occurred. Once the target was identified, no further analysis was made in the current trial. In contrast, IOR is usually observed when attention has been shifted elsewhere before attention effects are measured (cf. Cheal, Chastain, & Lyon, 1998) .
General discussion
The results of the present study support the model of saliency-based fast visual search that was proposed in the introduction. Salience is an important parameter to guide visual attention and did effectively control target selection for orientation analysis and object discrimination in the present study. The functional similarity between different saliency effects confirms the non-specific character of salience; all markers attracted focal attention and thus would all help to quickly identify targets in visual search. Thus, target salience would accelerate visual search, independent of how the target is defined and which features distinguish it from non-targets in a particular task. To select and identify a target, it was not necessary to make the target itself salient; salient masks at that position were similarly efficient. The continuous curves in Fig. 12 suggest that the selection and attention processes did not, in fact, even distinguish between these cases. What turned out to be important was the location and the size of the salience mark; cues that resembled a different object or were not exactly presented at the target location were less efficient in helping identify the target. How can this be explained?
Underlying neural mechanisms
In a recent study on cuing and popout (Ziebell & Nothdurft, 1999) we found improved performance even when four items, one of them the target, were cued. However, performance was not improved when cues did not indicate possible target locations or were spatially distributed over the pattern. One conclusion is that attention must be directed to the possible target locations in order to improve performance. This interpretation is supported by the neural manifestation of attention effects in the visual cerebral cortex. Directed attention often increases the responses of cells (Maunsell, 1998; McAdams & Maunsell, 1999 , 2000 , partly similar to effects produced by enhancing stimulus contrast. If the neural equivalent of (localized) focal attention would be the improved representation of a visual stimulus in certain areas of the brain, it seems feasible that cues at the target position would be more efficient than cues farther away. Cues which themselves contain the target (like, in the present study, the targets defined by feature contrast) may be particularly efficient because they directly activate the cells that encode the relevant features. But even cues that would enhance some cells at that location may be efficient in facilitating the processing of target properties. Saliency effects from feature contrast are indeed associated with an increased response of striate cells (Kastner, Nothdurft, & Pigarev, 1997 , 1999 Knierim & Van Essen, 1992; Lamme, 1995; Lee, Mumford, Romero, & Lamme, 1998; Nothdurft, Gallant, & Van Essen, 1999; Sillito, Grieve, Jones, Cudeiro, & Davis, 1995; Zipser, Lamme, & Schiller, 1996) . Averaged over the population of cells at one location, there seems to be no systematic difference as to the origin of these effects. It may be that such processes directly improve the feature representation in the ventral stream, whereas symbolic or dislocated cues (like the large circular rings) may require contributions from other areas or time-consuming spatial integration processes to enhance activity of the important cells. The longer delays with circular cues may reflect this additional time needed (although such a link is merely speculative at this time). Increased neural activity in the focus of attention would explain many behavioral aspects that are observed as effects of directed attention, like the improvement of signal-to-noise ratio (Carrasco, Penpeci-Talgar, & Eckstein, 2000; Dosher & Lu, 2000) , better spatial resolution and stimulus discrimination (Yeshurun & Carrasco, 1999) , faster processing (Carrasco & McElree, 2001 ) and generally faster reactions to stimuli at a cued location (Eriksen & Hoffman, 1972) .
Automatic capture of attention?
Attention is controlled by various mechanisms at different levels. In this last section of the discussion one possible limitation of the above results should be stressed. There has been some controversy over the question of whether (and if so, which) saliency effects ''automatically'' attract and ''capture'' attention. Jonides and Yantis (1988) (see also Yantis & Jonides, 1990) reported that salience from luminance contrast may attract attention but does not capture it if the general attentive setting of the experiment is not appropriate (Folk, Remington, & Johnston, 1992) . That is, subjects may, by top-down control, ignore saliency effects. This was confirmed for a number of saliency effects including motion . 6 In the present study, the task was to detect (and identify) the salient target; therefore, top-down control was set to allow attention to be guided by visual salience. I do not want to say that these effects were automatic in the sense that they would override an opposed attention setting in the task. However, if salience is a valid cue to localize the target in a search task, as would usually be the case with popout, and if subjects are not biased to ignore this cue, then they may benefit from attention shifts of the sort presented here.
Conclusion
The study has shown that feature contrast acts very much like other salience cues in attracting attention so that target properties can be processed. Target selection and target identification are linked but are processed with a temporal delay that may reflect the shift and size adjustment of focal attention. There was no evidence that saliency effects from luminance or motion contrast were functionally different from saliency effects from a circular cue, although all these effects differed in their temporal properties. With respect to visual search, one may conclude that popout targets are found so quickly because they are salient and visually attract attention to exactly those locations where target properties are encoded.
The data of the present study also illustrate the large variation of attention effects in different subjects. Despite similar characteristics in performance and an almost consistent ranking of the speed of different saliency effects, there were, for example, considerable differences in how long attention was held at a cued location and how circular cues could be utilized to identify the target.
